Introduction
============

Attention-deficit hyperactivity disorder (ADHD) is a common neuropsychiatric disorder in children. Its core symptoms are inattention and hyperactivity, which seriously affect the cognitive, behavioral, and emotional aspects of the patient. The prevalence of ADHD in children is 5%, and the ratio between males and females is about 2:1.[@b1-ndt-14-3231] The pathogenesis of ADHD has not yet been clarified. Currently, it is widely believed that it is caused by the synergistic actions of various biological--psychological--social factors. Its pathogenesis and development are closely related to many factors such as heredity, neural development, family, and society.[@b2-ndt-14-3231]

ADHD is thought to be a polygenic genetic disease associated with some neurotransmitter-related genes, such as dopamine (DA), 5-hydroxytryptamine, norepinephrine (NE), as well as their metabolite-related genes. The dysfunction of these neurotransmitters is thought to be the main cause of ADHD.[@b3-ndt-14-3231],[@b4-ndt-14-3231] Functional magnetic resonance imaging (fMRI) and positron emission imaging (PET) revealed that the occurrence of ADHD is related to anatomic defects and functional changes in the prefrontal lobe, temporal lobe, basal ganglion, corpus callosum, and the cerebellum of the patients.[@b5-ndt-14-3231],[@b6-ndt-14-3231] Further, fMRI has demonstrated consistent differences in frontostriatal functioning, specifically, right dorsolateral prefrontal cortical (rDLPFC) functioning in ADHD children when compared with healthy controls.[@b7-ndt-14-3231] Moreover, cortical maturation was delayed by about 3 years in ADHD children, most prominently in prefrontal regions.[@b8-ndt-14-3231] Studies have shown decreased frontocerebral metabolism in ADHD adults using PET, xenon inhalation, and Single-Photon Emission Computed Tomography.[@b9-ndt-14-3231],[@b10-ndt-14-3231] In addition, parental discord or divorce, poor parent--child relationships, poor family education, negative childhood experiences, the effects from bad social habits, mother smoking and alcohol consumption and substance abuse during pregnancy, premature delivery, low birth weight, and intracranial infection are also risk factors for ADHD children.[@b11-ndt-14-3231],[@b12-ndt-14-3231]

The treatment of ADHD mainly includes drug therapy, physical therapy (eg, repetitive transcranial magnetic stimulation \[rTMS\]), and cognitive behavioral intervention.[@b13-ndt-14-3231] Atomoxetine (ATX), as a representative nonstimulant, has therapeutic effects on ADHD like methylphenidate (a stimulant),[@b14-ndt-14-3231] but ATX only increases the level of noradrenaline (but not DA) in the subcortical region. Nor does ATX affect DA concentrations in the striatum and limbic systems. Moreover, ATX significantly reduces the risk of drug abuse, and is relatively safe and tolerable in adolescents and children.[@b15-ndt-14-3231]--[@b17-ndt-14-3231] rTMS delivers a magnetic field on a coil through strong current and acts on a specific cortex of the brain to achieve reconstruction of the cortical functions. It is a noninvasive and painless neurophysiological technique that regulates cerebral cortical function.[@b18-ndt-14-3231] As a physical therapy method, rTMS has significant therapeutic effects on anxiety disorders, schizophrenia, depression, and other mental diseases.[@b19-ndt-14-3231]--[@b21-ndt-14-3231] Its most prominent advantages are safety and minimal side effects.[@b22-ndt-14-3231] Some studies have reported that rTMS can promote the secretion of DA by stimulating the prefrontal lobe of the brain, thereby improving the symptoms of ADHD.[@b23-ndt-14-3231]

Both rTMS and ATX can effectively improve attention deficits, hyperactivity, and other symptoms in ADHD patients. However, there is no report on the effect of combination therapy (rTMS+ ATX) in the treatment of ADHD. Thus, the purpose of this study was to compare the efficacy of the three methods in the treatment of ADHD, and to observe whether the rTMS combined with ATX has a certain advantage over rTMS or ATX.

Materials and methods
=====================

Research subjects
-----------------

### ADHD group

Sixty-four patients were newly diagnosed with ADHD from January 2016 to October 2017 in the Psychological Center for Adolescents and Children at the 102nd Hospital of People's Liberation Army (PLA). All were Han people and right-handed, including 54 males and 10 females, ranging from 6 to 13 years old and with an average age of 8.53±2.30 years. All the enrolled patients were initially diagnosed by two pediatric psychiatry attending physicians and were eventually diagnosed by a chief physician.

The enrollment criteria were as follows: 1) met the diagnostic criteria for ADHD in the fifth edition of *Diagnostic and Statistical Manual of Mental Disorders (DSM-5)* of the American Psychiatric Association; 2) no history of other mental disorders (such as mental retardation) and organic brain diseases that affected cognitive functions; 3) no severe systemic diseases including heart, liver, lung, and kidney diseases; 4) IQ ≥80 by Wechsler Intelligence Scale for Children (WISC). Exclusion criteria were as follows: 1) other drugs or treatments in addition to the treatment used in this study; 2) treated with TMS or electroconvulsive therapy; 3) taking or having taken monoamine oxidase inhibitors within 14 days; 4) a history of epilepsy, brain trauma, or brain surgery; 5) rTMS contradictions such as brain metal device implants.[@b24-ndt-14-3231] This study was approved by the Ethics Committee of 102nd Hospital of PLA. All the enrolled patients and parents (guardians) signed the informed consent. This study was carried out in accordance with the principles of the Declaration of Helsinki.

### Treatment group

Sixty-four patients with ADHD were randomly assigned to three groups according to a random distribution table: the rTMS group, the ATX group, and the rTMS+ ATX group. The total course of the treatment was 6 weeks.

The rTMS group: in this study, Magneuro100 magnetic field stimulator (VCB001, Nanjing Weisi Medical Technology Co., LTD) with a figure-of-eight coil was used. rTMS treatment parameter settings based on one previous study: 10 Hz, 4 seconds stimulation, 26 seconds interval, 100% intensity of resting motor threshold (rMT), 2,000 pulses per session, a total of 25 minutes/session, one session/day, five sessions/week (from Monday to Friday), a total of 6 weeks of treatment (ie, 30 sessions).[@b25-ndt-14-3231] Stimulus intensity was obtained according to rMT for each individual, which was defined as the lowest intensity to elicit at least 5 out of 10 electromyography with amplitude \>50 μV peak-to-peak in the first dorsal interosseous muscle of the left hand. Stimulation site: rDLPFC, located at the site where the coil stays at the MT detection, then moved forward by 5 cm in parallel. The coil was placed tangentially toward the scalp over rDLPFC in a frontal-posterior orientation.

The ATX group: atomoxetine hydrochloride capsules (Strattera, Eli Lilly and Company, Indianapolis, IN, USA) were used in this study. Initial oral ATX dose was 0.5 mg/(kg⋅day), and 3 days later, it was increased to 1.2 mg/(kg⋅day). ATX was administered once daily after breakfast for 6 weeks.[@b16-ndt-14-3231]

The rTMS+ ATX group: The same rTMS stimulation parameters and the same ATX dose were used in the combination therapy for 6 weeks.

### Clinical symptom assessment for ADHD

The SNAP-IV questionnaire was used to assess the core symptoms of ADHD before treatment and 6 weeks after treatment. In order to maintain consistency of the evaluation criteria, the assessment was completed by the same experienced researcher before and after treatment. The researcher was blinded to the treatment. The scores before and after treatment were compared to evaluate the improvement of clinical symptoms. And the therapeutic effects among the three groups were also compared.

The SNAP scale is based on the diagnostic criteria of ADHD in DSM.[@b26-ndt-14-3231],[@b27-ndt-14-3231] Its reliability and validity are in accordance with the psychometric standard. The scale has been widely used in clinical practice and scientific research as an important tool of ADHD in screening, auxiliary diagnosis, therapeutic efficacy, and symptom improvement evaluation.[@b28-ndt-14-3231] Twenty-six items are included and summarized into three factors: attention deficit, hyperactivity impulse, and oppositional defiance. According to the severity of the symptoms, parents checked 0--3 scale based on their general impressions on their children. Mean score of 1 was defined as the demarcation for attention deficit and hyperactivity impulsivity; Mean score ≤1 indicated "normal" or "remission"; mean score ≥2 indicated "abnormal". For oppositional defiant disorder, four or more items with a score of 2 or 3 indicated "abnormal".

### Executive function test

Executive function refers to the ability to coordinate various cognitive processes when completing complex cognitive tasks. In the core symptoms of ADHD, attention deficit is related to "cold" executive function, while hyperactivity impulse is related to "hot" executive function.[@b29-ndt-14-3231] "Hot" executive function, relative to "cold" executive function, has extensive emotional involvement, which is related to adventurous emotional decision-making or flexible assessment of the emotional responsiveness to thrill, making emotional and motivational problems solved.[@b30-ndt-14-3231] The "hot" executive function is mainly associated with the cerebral orbital and medial prefrontal cortex. Injury at these sites may lead to impediment in impulse control, behavioral regulation, and mood.[@b31-ndt-14-3231] Therefore hyperactivity impulse symptoms of ADHD are more closely related to the "hot" executive function.[@b32-ndt-14-3231]

### "Cold" executive function test

Arithmetic, digit span, and coding, which are the three subtests of the continuous performance test (CPT) and the WISC, were conducted before treatment and 6 weeks after treatment. This study followed the protocol of CPT (Chinese version, translated by the Institute of Mental Health at the Peking University) in 2004 MATRICS Consensus Cognitive Battery by the National Institute of Health.[@b33-ndt-14-3231] These subtests were set up at three levels of difficulty, which are two-, three- and four-digit numbers in turn. Each subtest contains 150 strings of numbers. Participants were required to make response when two adjacent strings of numbers were same. The main indicators examined were hits for the pairs with same numbers, almost identical consecutive numbers (false alarms), random number of answers (randoms), and the total score of each subtest (DEPRIME).

### WISC test (arithmetic, digit span, and coding)

WISC is a test tool developed by Wechsler to assess the intelligence of children aged from 6 to 16 years. In this study, three subtests (including arithmetic and digit span from the verbal subscale, and coding in the performance subscale) were used to examine the "cold" executive function of ADHD patients.[@b34-ndt-14-3231] 1) Arithmetic: The test researcher dictated the questions, and the subjects answered by mental arithmetic. Time limit was applied for each question. 2) Digit span: Forward and backward number test, consisting of 11 questions, respectively. The forward number test started from 3 digits to 13 digits, while the backward number test started from 2 digits to 12 digits. The total score was the sum of the scores by forward and backward number test. 3) Coding: Each figure corresponded to a symbol. The subject was required to fill in the corresponding symbol in the lower part of the figure according to the specified figure--symbol relationship within a specified time.

### "Hot" executive function tests

Iowa Gambling Task (IGT), which was designed by Bechara et al to mimic complex decision-making situations in real life, is considered as a classical experimental task for measuring emotional decision-making abilities, also a representative task to examine the "hot" executive function of ADHD patients.[@b35-ndt-14-3231] IGT was conducted before and 6 weeks after the treatment. The subjects were given 100 choices to randomly select one card from four sets of poker cards with back faced up on the screen. The face of each card showed the amount of reward or punishment. The card from the first and second sets of poker cards always indicated more rewards and more punishments, whereas the card from the third and fourth sets of poker cards always indicated less rewards and less punishments. Thus, the former cards were unfavorable, while the latter cards were favorable.

### Statistical analysis

SPSS 17.0 was used for statistical analysis. Data were expressed as mean ± standard deviation \$(\\bar x \\pm {\\text{s}})\$. Comparisons among groups were performed by using a repeated-measure ANOVA analysis test. Comparisons within groups were conducted by using a Paired *t*-test. If necessary, Chi-square test was used. All data except age were normally distributed. Pearson correlation analysis was used to assess the correlations between two variables. *P*-value \<0.05 was considered as a statistical significance.

Results
=======

General demographic information
-------------------------------

A total of four patients dropped out during treatment, one from the rTMS group, two from the ATX group, and one from the combination group. The reasons were due to study stress, family economic conditions, and inconsistent parental opinions. The data from these patients were excluded. Thus, 60 ADHD patients were ultimately included into data analysis. These patients were aged from 6 to 13 years, with a mean age of 8.66±2.30 years. There was no significant difference in age and gender among the rTMS group, the ATX group, and the combination group (*P*\>0.05; [Table 1](#t1-ndt-14-3231){ref-type="table"}). Finally, apart from mild scalp discomfort and headache, we did not observe any significant side effects.

Clinical assessment results from SNAP-IV questionnaire
------------------------------------------------------

A repeated-measure ANOVA analysis showed that there was a significant interaction effect in attention deficit, hyperactive impulse, and oppositional defiance in between treatment and time (all *P*\<0.001). As shown in [Table 2](#t2-ndt-14-3231){ref-type="table"}, the SNAP-IV questionnaire scores were statistically significant in attention deficit, hyperactivity impulsivity, and oppositional defiance disorder (*P*\<0.05) before and after treatment in the rTMS group, the ATX group, and the rTMS+ ATX group. By comparing the difference of the score before and after treatment for each item, the rTMS+ ATX group had greater improvements in attention deficit and hyperactivity impulsivity, but not in oppositional defiance, when compared with the other two groups ([Figure 1](#f1-ndt-14-3231){ref-type="fig"}).

Assessments on "cold" and "hot" executive functions
---------------------------------------------------

Significant time and treatment interaction effects were observed in arithmetic (*P*\<0.001), forward number (*P*\<0.01), backward number (*P*\<0.01), coding (*P*\<0.001), CPT (*P*\<0.001), IGT (*P*\<0.001) by a repeated-measure ANOVA analysis. There were statistically significant differences in the number of correct items from arithmetic test, and the scores from digit span test (including forward and backward number test, and their sum), as well as the scores from coding test between before and after treatment in the rTMS group, the ATX group, and the combination group ([Table 3](#t3-ndt-14-3231){ref-type="table"}). Statistical significances were observed in the total score of CPT (calculated based on DEPRIME of each subtest) between before and after treatment ([Table 3](#t3-ndt-14-3231){ref-type="table"}) in the three groups. The above results suggested that the three treatments were effective. Moreover, when compared with the rTMS group and the ATX group, the combination therapy exhibited a better effect on forward/backward number repeat and CPT, but not arithmetic and coding ([Figure 2](#f2-ndt-14-3231){ref-type="fig"}). Finally, in the three groups, there was a statistically significant difference in the score of IGT between before and after treatment. Relative to the rTMS group and the ATX group, the combination group had a greater improvement.

Correlations between general characteristics and clinical symptoms and executive functions
------------------------------------------------------------------------------------------

As shown in [Table 4](#t4-ndt-14-3231){ref-type="table"}, age was negatively correlated with the score of attention deficits (*r*=−0.36, *P*\<0.05) and hyperactivity impulse (−0.59, *P*\<0.01), and was positively correlated with the score of CPT (*r*=0.50, *P*\<0.01), arithmetic (*r*=0.84, *P*\<0.01), digit span (*r*=0.67, *P*\<0.01), and coding (*r*=0.87, *P*\<0.01).

The score of attention deficits was negatively correlated with the score of CPT (*r*=−0.37, *P*\<0.05), arithmetic (*r*=−0.49, *P*\<0.01), digit span (*r*=−0.36, *P*\<0.05), and coding (*r*=−0.40, *P*\<0.05). The score of hyperactivity impulse was also negatively correlated with the score of CPT (*r*=−0.61, *P*\<0.01), arithmetic (*r*=−0.66, *P*\<0.01), digit span (*r*=−0.45, *P*\<0.01), and coding (*r*=−0.58, *P*\<0.01; [Table 5](#t5-ndt-14-3231){ref-type="table"}). However, there was no significant correlation between the score of hyperactivity impulse and the score of IGT (reflecting "hot" executive function; *r*=0.029, *P*\>0.05). These results suggested that the core symptoms of ADHD are associated with cognitive functions.

Discussion
==========

1\. The rTMS therapy combined with ATX administration has the advantage over the single treatment in improving the core symptoms of ADHD.

Previous studies showed that the therapeutic effect of ATX for ADHD is significant, safe, and reliable by binding to the NE reuptake inhibitors on the presynaptic membrane to increase the concentration of NE in the synaptic gap.[@b36-ndt-14-3231],[@b37-ndt-14-3231] Consistently, in this study, we observed that ATX had a significant improvement on the three core symptoms (attention deficits, hyperactivity/impulsivity, and oppositional defiance) of ADHD after 6 weeks administration.

Previous studies used low-frequency or high-frequency rTMS with different parameters, and showed improvement in the patient's symptoms, such as attention deficit and hyperactivity.[@b25-ndt-14-3231],[@b38-ndt-14-3231],[@b39-ndt-14-3231] Specifically, Niederhofer used low-frequency rTMS (1 Hz) to stimulate the motor area (1,200 pulses per session, 5 sessions per week \[from Monday to Friday\]). After 4 weeks of treatment, ADHD symptoms were significantly improved.[@b38-ndt-14-3231] Weaver et al delivered high-frequency rTMS (10 Hz) to stimulate rDLPFC at 100% motor threshold, 2,000 pulses per session, 5 sessions per week. They observed that the scores of CGI-I and ADHD-IV were significantly improved after 2 weeks of treatment.[@b25-ndt-14-3231] Consistently, our results showed that application of high-frequency rTMS over rDLPFC significantly improved attention deficits, hyperactivity impulse, and oppositional defiance. Based on these results, whether low-frequency rTMS over the motor area or high-frequency rTMS over rDLPFC can achieve a therapeutic effect, in addition to rTMS regulating neuroplasticity, promoting the release of neurotransmitters and neurotrophic factors, and improving blood circulation, we speculated that these protocols share common effects of magnetic stimulation, such as quantum effect and magnetic spin effect, altering the atomic and molecular magnetic state of disorder in the stimulated brain.[@b40-ndt-14-3231] However, which protocol is more effective requires further investigation.

This study further investigated the effect of the rTMS therapy combined with ATX for ADHD, and showed that combination therapy was also effective, and had a greater improvement in two core symptoms, attention deficit and hyperactivity impulse. There are few studies on the combined treatment of ADHD with two different methods. It has been reported that ATX or rTMS in combination with the behavior training had a better therapeutic effect when compared with the single method, but there are some reports showing no obvious advantage.[@b41-ndt-14-3231],[@b42-ndt-14-3231] However, further in-depth research may need to increase sample size and optimize the treatment parameters.

2\. The rTMS therapy combined with ATX administration has the advantage over the single treatment in improving executive functions of ADHD.

This study showed that "cold" and "hot" executive functions of ADHD patients were impaired, reflecting their impaired prefrontal function. The impairment of "cold" executive function is reflected in the attention deficit, while the "hot" executive function is closely related to impulse behavior.[@b29-ndt-14-3231] In this study, the three treatment approaches were effective in improving cold and hot executive functions. Also, there was a significant difference in the scores of arithmetic, forward number repeat, coding, and IGT in the combined group when compared with the rTMS group or the ATX group, suggesting that the combination therapy has some advantages over the single treatment in improving attention maintenance and decision-making ability of ADHD patients. Interestingly, ATX therapy was superior to rTMS in coding and IGT; this might be because our rTMS protocol is not optimal.

Previous studies suggested that children with ADHD have decision-making problems in real life, which are difficult to correct through learning and will last for a long time.[@b43-ndt-14-3231] In this study, almost all patients had a score of IGT \<0 before treatment, suggesting that they were more inclined to choose unfavorable cards with immediate higher reward and higher punishment, and failed to explore intrinsic rules in the process of operation and to learn ways to increase income. There are two possible explanations. First, ADHD patients paid attention only to immediate short-term benefits, regardless of long-term benefits; second, even if the long-term interests were considered, they still could not restrain their preference for current high reward. This was closely related to the defects in their work memory, impulsive inhibition, and logical reasoning. There is evidence that the ventral prefrontal cortex, which is not mature until puberty, is involved in judgment of long-term interests.[@b44-ndt-14-3231] Therefore, there is a certain objective factor in the decision-making ability of children with ADHD.

3\. Correlation analysis of general information, clinical symptoms, and executive functions.

The correlation analysis between age and clinical symptoms and executive functions suggested that the ability to maintain attention and control hyperactivity/impulsivity might increase with age in adolescents, and that the brain regions involved in audiovisual work memory and attention maintenance (such as dorsolateral prefrontal lobe) might mature gradually. Arithmetic and digit span test were used to examine the level of auditory attention and auditory working memory,[@b34-ndt-14-3231],[@b45-ndt-14-3231] while CPT and coding test were used to examine the level of visual attention and visual work memory.[@b46-ndt-14-3231],[@b47-ndt-14-3231] Therefore, attention and work memory play a role in these tests. The negative correlation of the score of attention deficit with the total score of CPT, arithmetic, digit span, and coding implicated that greater ability in attention and maintenance might lead to a better performance in executive function tests. Our results were consistent with the notion that attention deficit was related to the "cold" executive functions proposed by Castellanos et al.[@b29-ndt-14-3231]

The negative correlations between hyperactive impulsivity and cold executive functions suggested that hyperactive impulsivity was highly related to work memory. If ADHD patients can improve their impulse control, their attention level and attention maintenance ability will increase correspondingly, leading to a higher level of focused attention in collecting effective information. On the basis of sustained attention, the efficiency of processing and transforming information (namely working memory) will also improve correspondingly.[@b48-ndt-14-3231]--[@b50-ndt-14-3231] These also suggest that there are internal interactions between the core symptoms of ADHD. Thus, clinicians cannot separate attention deficit and hyperkinetic impulse at the diagnosis of ADHD.

IGT, as a classic test to examine "hot" executive function, reflects the individual ability of emotional decision-making, and is related to hyperactivity impulse symptom. However, in this study, it appeared that the score of hyperactivity impulse was not significantly correlated with the IGT score. There are several possible reasons. First, ADHD patients aged from 6 to 13 years, had a relatively scattered distribution. Thus, there were differences in the development and maturity of related brain regions. There is evidence that even in normal adults a significant proportion of persons cannot perform well in IGT. Bechara et al found that about 33%--37% of normal adults had comparable IGT scores to patients with the injury of ventromedial prefrontal lobe.[@b35-ndt-14-3231] Second, there were differences in the criteria of parents for judging the severity of children symptoms. Some parents thought that their children were just more active than others; some parents felt that their children were very quiet when watching TV or using computer. Barkley et al found that there was no significant difference in impulse control and working memory for relatively interesting tasks between ADHD children and normal children. But for relatively boring tasks, the difference between the two groups was significant.[@b51-ndt-14-3231],[@b52-ndt-14-3231] Third, individual difference and the emotional status in ADHD patients during test may also affect the outcome. Buelow and Suhr observed that college students with negative emotions, impulsiveness, or thrill-seeking were more inclined to choose unfavorable cards with more rewards and more punishments, suggesting that emotions and personality characteristics have a great impact on risk decision-making.[@b53-ndt-14-3231]

Limitations
===========

This study still has several limitations. First, the sample size was small; thus larger samples are needed to validate the results. Second, the combination therapy needs to be further optimized. The doses of ATX and treatment parameters of rTMS need to be individualized. How to combine the two treatments and how to adjust the time of medication and physical therapy for maximizing the efficacy is one direction of future research. Third, this study failed to set the placebo group and sham rTMS group, thus the placebo effects could be not excluded. Fourth, although this was relatively a longer therapy protocol, it is unclear whether a longer therapy (3 months, even 6 months) achieves greater synergistic effects. The ATX administration is convenient, but it may not be easy for patients to visit hospitals frequently for rTMS therapy. Finally, we failed to perform follow-up, lacking the observation of long-term effect of the treatment.

Conclusion
==========

Our results showed that rTMS, ATX, or rTMS combined with ATX can effectively alleviate attention deficit, hyperactivity impulse, and oppositional defiance in ADHD children, and can also improve executive functions including working memory, inhibitory control, and emotional decision-making. When compared with single treatment, rTMS combined with ATX showed significant advantages in attention deficit and hyperactivity impulse, as well as in "cold" and "hot" executive functions such as arithmetic, forward numbers, coding, and IGT. The ATX drug treatment was superior to rTMS treatment in coding and IGT. In addition, age was negatively correlated with the score of attention deficit and hyperactivity impulse, and was positively correlated with the score of "cold" executive functions; the score of attention deficit was negatively correlated with the score of "cold" executive functions, whereas the score of hyperactivity impulse has no statistically significant correlation with the score of "hot" executive function. In summary, the three treatments have definite efficacy in ADHD, and the combined treatment has some significant advantages over single treatments. How to optimize the combination therapy to achieve better therapeutic effect is the future direction of investigation.
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![The differences of SNAP-IV scores before and after treatment in the rTMS, the ATX, and the rTMS/ATX groups.\
**Note:** \**P*\<0.05 compared to the rTMS and the ATX groups, a repeated measure ANOVA was used.\
**Abbreviations:** ATX, atomoxetine; NS, nonsignificant; rTMS, repetitive transcranial magnetic stimulation; SNAP-IV, the Swanson, Nolan, and Pelham, Version IV.](ndt-14-3231Fig1){#f1-ndt-14-3231}

![The differences of scores on cold and hot executive functions before and after treatment in the rTMS, the ATX, and the rTMS/ATX groups.\
**Notes:** \**P*\<0.05, compared to the rTMS group, and the ATX group; ^\#^*P*\<0.05, compared to the rTMS group; a repeated measure ANOVA was used.\
**Abbreviations:** ATX, atomoxetine; CPT, continuous performance test; IGT, Iowa Gambling Task; rTMS, repetitive transcranial magnetic stimulation.](ndt-14-3231Fig2){#f2-ndt-14-3231}

###### 

General demographics of the ADHD group

                rTMS (n=20)   ATX (n=19)   rTMS+ ATX (n=21)   *P*-value
  ------------- ------------- ------------ ------------------ ---------------------------------------------------
                                                              
  Age (years)   8.36±2.46     9.22±2.39    8.50±2.20          0.690[\*](#tfn2-ndt-14-3231){ref-type="table-fn"}
  Sex (M/F)     18/2          16/3         15/6               0.289[\#](#tfn3-ndt-14-3231){ref-type="table-fn"}

**Notes:** Age is presented as mean ± SD.

A repeated-measure ANOVA analysis or

chi-square test was used.

**Abbreviations:** ADHD, attention-deficit hyperactivity disorder; ATX, atomoxetine; rTMS, repetitive transcranial magnetic stimulation.

###### 

The scores of SNAP-IV questionnaire before and after treatment in the rTMS, the ATX, and the rTMS/ATX groups

  Factor                  Group   n           BT          AT          *t*-value   *P*-value
  ----------------------- ------- ----------- ----------- ----------- ----------- -----------
                                                                                  
  Attention deficit       rTMS    20          2.13±0.35   1.02±0.16   14.54       0.000
  ATX                     19      2.15±0.44   1.08±0.15   8.87        0.000       
  rTMS+ ATX               21      2.18±0.36   0.76±0.23   15.54       0.000       
  Hyperactivity impulse   rTMS    20          1.91±0.45   0.99±0.20   10.41       0.000
  ATX                     19      1.47±0.63   0.64±0.24   5.99        0.000       
  rTMS+ ATX               21      1.79±0.62   0.46±0.33   12.82       0.000       
  Oppositional defiance   rTMS    20          1.07±0.57   0.48±0.17   4.60        0.001
  ATX                     19      1.13±0.49   0.51±0.25   6.65        0.000       
  rTMS+ ATX               21      1.21±0.39   0.48±0.18   9.15        0.000       

**Notes:** Data are presented as mean ± SD. Paired *t*-test was used in the statistical analysis.

**Abbreviations:** AT, after treatment; ATX, atomoxetine; BT, before treatment; rTMS, repetitive transcranial magnetic stimulation; SNAP-IV, the Swanson, Nolan, and Pelham, Version IV.

###### 

The scores of cold and hot executive functions before and after the three treatments

  Factor            Group   n             BT            AT            *t*-value   *P*-value
  ----------------- ------- ------------- ------------- ------------- ----------- -----------
                                                                                  
  Arithmetic        rTMS    20            11.45±4.50    12.18±4.83    2.67        0.024
  ATX               19      12.22±6.52    13.11±6.23    8.00          0.000       
  rTMS+ ATX         21      10.50±5.07    11.75±4.71    6.97          0.000       
  Forward number    rTMS    20            5.64±2.06     6.27±1.90     4.18        0.002
  ATX               19      6.11±2.09     6.67±2.06     3.16          0.013       
  rTMS+ ATX         21      5.17±2.04     6.32±1.68     4.18          0.002       
  Backward number   rTMS    20            3.91±1.04     4.36±1.03     2.89        0.016
  ATX               19      3.89±0.93     4.56±0.73     4.00          0.004       
  rTMS+ ATX         21      3.75±0.87     4.33±0.99     3.92          0.002       
  Coding            rTMS    20            39.45±15.84   42.36±16.39   4.77        0.001
  ATX               19      45.67±19.58   49.11±19.42   7.26          0.000       
  rTMS+ ATX         21      37.42±15.56   41.58±16.27   11.39         0.000       
  CPT               rTMS    20            0.87±0.34     1.65±0.39     8.94        0.001
  ATX               19      1.07±0.51     1.79±0.28     4.61          0.002       
  rTMS+ ATX         21      0.88±0.60     1.96±0.49     12.97         0.000       
  IGT               rTMS    20            −7.64±8.04    4.45±8.26     4.93        0.001
  ATX               19      −10.44±7.29   7.44±2.96     5.79          0.000       
  rTMS+ ATX         21      −11.17±6.06   10.58±7.89    9.02          0.000       

**Notes:** Data are presented as mean ± SD. Paired *t*-test was used.

**Abbreviations:** AT, after treatment; ATX, atomoxetine; BT, before treatment; CPT, continuous performance test; IGT, Iowa Gambling Tasks; rTMS, repetitive transcranial magnetic stimulation.

###### 

Correlation coefficient between age and attention deficit, hyperactivity impulse, executive function (*r*)

        SNAP-IV Attention deficit                           SNAP-IV Hyperactivity impulse                          CPT DEPRIME                                           Arithmetic                                            Coding                                                Digit span
  ----- --------------------------------------------------- ------------------------------------------------------ ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
                                                                                                                                                                                                                                                                                     
  Age   −0.36[\*](#tfn9-ndt-14-3231){ref-type="table-fn"}   −0.59[\*\*](#tfn10-ndt-14-3231){ref-type="table-fn"}   0.50[\*\*](#tfn10-ndt-14-3231){ref-type="table-fn"}   0.84[\*\*](#tfn10-ndt-14-3231){ref-type="table-fn"}   0.87[\*\*](#tfn10-ndt-14-3231){ref-type="table-fn"}   0.67[\*\*](#tfn10-ndt-14-3231){ref-type="table-fn"}

**Notes:**

*P*\<0.05.

*P*\<0.01. Pearson correlation analysis was used.

**Abbreviations:** SNAP-IV, the Swanson, Nolan, and Pelham, Version IV; CPT, continuous performance test.

###### 

Correlation coefficient between attention deficit, hyperactivity impulse and CPT, arithmetic, coding, digit span (*r*)

  SNAP-IV                 CPT DEPRIME                                            Arithmetic                                             Coding                                                 Digit span
  ----------------------- ------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------
                                                                                                                                                                                               
  Attention deficit       −0.37[\*](#tfn12-ndt-14-3231){ref-type="table-fn"}     −0.49[\*\*](#tfn13-ndt-14-3231){ref-type="table-fn"}   −0.40[\*](#tfn12-ndt-14-3231){ref-type="table-fn"}     −0.36[\*](#tfn12-ndt-14-3231){ref-type="table-fn"}
  Hyperactivity impulse   −0.61[\*\*](#tfn13-ndt-14-3231){ref-type="table-fn"}   −0.66[\*\*](#tfn13-ndt-14-3231){ref-type="table-fn"}   −0.58[\*\*](#tfn13-ndt-14-3231){ref-type="table-fn"}   −0.45[\*\*](#tfn13-ndt-14-3231){ref-type="table-fn"}

**Notes:**

*P*\<0.05,

*P*\<0.01. Pearson correlation analysis was used.

**Abbreviation:** CPT, continuous performance test.

[^1]: These authors contributed equally to this work
